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The Effect of Ectoins on the Structural Organization of the Tear Fluid
Monolayer
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Germany, 2Chemistry and Pharmacy, Institute for Biochemistry, Muenster,
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We investigate the influence of Ectoin on the structural organization of the
natural and artificial tear fluid lipid layers (ATFLL) using surface activity
analysis and topographical studies. The natural meibomian lipids exhibit a
continuous pressure-area isotherm without any phase transitions. In the pres-
ence of ectoin, the isotherm is expanded towards higher area per molecule
implying decreased interaction between the lipid molecules. The AFM scans
show presence of fiber like structures in the natural meibomian lipid film. In
the presence of ectoine, droplet-like structures are observed which are
hypothesized to be triacyl glycerols excluded from the lipid film. ATFLL
illustrate the fluidizing effect of ectoine on the lipid films where the
pressure-area isotherms are expanded in the presence of ectoin. With the
addition of a triacyl glycerol to the mixture of DPPC and Chol-Palmitate,
we observed the formation of similar drop-like structures in the presence
of ectoine as in the case of natural meibomian lipid films. Consequently,
the hypothesis explaining the exclusion of tri/di acyl glycerol from the mei-
bomian lipid film in the presence of ectoine in the subphase is confirmed
which lead us to a model describing the fluidizing effect of ectoine on mei-
bomian lipid films.
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Lipid Order Investigations Combined with Generalized Polarization
Provide Deeper Insights into PlasmaMembrane Architecture of Live Cells
Alla Kress, Julien Savatier, Xiao Wang, Patrick Ferrand, Sophie Brasselet.
Institut Fresnel, Marseille, France.
The complexity of cell plasma membrane architecture is governed by bio-
molecular interactions, heterogeneity and complex sub-micrometric size do-
mains. Even though there is no doubt about the existence of liquid-ordered
and liquid-disordered phases in the model membranes, direct observations
in live cells remain delicate due to their dynamic nature and sub-resolution
size.
High resolution optical microscopy techniques have helped the understanding
of lipid organization and their contribution to biological functions. Among
them, environmentally sensitive lipid probes (such as Laurdan or derivatives
of ANEP) reveal lipid packing information (in particular fluidity governed
by local polarity) at the nanometer scale, thanks to the bathochromic shift in
their fluorescence emission spectrum as the membrane undergoes phase transi-
tion from gel to fluid [1]. The associated spectral ratiometric imaging is called
generalized polarization (GP).
In this work, we combine GP imaging with orientational investigations on such
lipid probes, in order to probe, in a complementary approach, both local lipid
packing (which reports a molecular scale information) and lipid order (which
report a mesoscopic scale information). The orientational order of lipid probes,
measured by fluorescence angle-resolved linear dichroism microscopy
(FARLDM), has been previously shown to be highly sensitive to local mem-
brane morphological changes (driven by cytoskeleton alterations) and choles-
terol depletion [2].
Implementing a combined GP-FARLDM technique, we show that new infor-
mation can be gained on lipids interactions at different scales in the cell plasma
membrane. We show in particular that liquid-ordered and liquid-disordered
phases exhibit distinct morphological behaviors, and explore the capacities
of different lipid probes to report information on the membrane architecture
at the nanoscale.
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Vesicles of the acidic lipid dimyristoyl phosphatidylglycerol (DMPG), at phys-
iological conditions, show a highly cooperative gel-fluid transition, around
23C. However, at low ionic strength, DMPG bilayers display a peculiar
thermo-structural behavior, presenting a broad gel-fluid transition, between
18C and 35C. Several interesting properties of this "transition region" led
to different models for DMPG dispersion at low ionic strength. Here, we use
computer simulations (1) of the electron spin resonance signal of spin labelsincorporated into DMPG vesicles to evaluate the structure of the vesicles along
the gel-fluid transition. At temperatures below and above the phase transition,
in the gel and fluid phases of the bilayer, only one lipid population can be de-
tected. But along the phase transition region, two lipid populations coexist: one
very mobile, even more fluid than lipids in the bilayer fluid phase, and another
one more rigid and organized, typical of lipids in the gel phase. The more mo-
bile population appears at ca. 18C and disappears by the end of the phase tran-
sition. In accord with previous works (2-4), we propose that this highly mobile
lipid population is associated with the formation of pores at the bilayer, and
these mobile lipids are located at the edges of the pores. Hence, spin labels
can monitor the increase and decrease of bilayer perforations along the mem-
brane phase transition.
Financially supported by USP, FAPESP, CNPq.
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The lack of transmembrane proteins partitioned in the current lipid-only models
for membrane rafts, i.e. Lo phases, calls for close scrutiny of raft mimetics. Us-
ing small angle X-ray scattering (SAXS) and molecular dynamic simulations
(MD), we determined structural and elastic parameters (spontaneous curvature,
bending rigidity, Gaussian curvature modulus) for coexisting Lo/Ld domains in
ternary mixtures of dioleoylphosphatidylcholine/dipalmitoylphosphatidylcho-
line/cholesterol (DOPC/DPPC/Chol) and dioleoylphosphatidylcholine/distear-
oylphosphatidylcholine/cholesterol (DOPC/DSPC/Chol) [1,2]. Substituting
these values into theoretical calculations yields the energy penalty upon inser-
tion of transmembrane proteins into Lo and Ld phases, and consequently the
preferred partitioning in one of these do-
mains. We discuss our findings for dif-
ferent geometric protein shapes.
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Perturbation of Plasma Membrane Physical Properties by Endogenous
and Exogenous Mediators Affects Cell Function
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In mammalian plasma membranes (PM), ordered, lipid-driven lateral domains -
known as lipid rafts - have been implicated as central regulators of a broad
range of cell functions and pathophysiological processes. Recent observations
suggest these domains comprise a major fraction of mammalian plasma mem-
branes, so rather than isolated islands of distinct composition, they may be
fundamental to PM structure and function. However, direct demonstrations
of lipid raft involvement in specific cell functions remain elusive because of
artifact-prone, indirect, and poorly characterized experimental paradigms for
raft perturbation. Giant Plasma Membrane Vesicles (GPMVs) are isolated
PMs that separate into coexisting raft and non-raft phases in a temperature
dependent manner, with the miscibility transition temperature providing a
quantitative estimate of the stability of raft domains in live cells. We have eval-
uated a number of endogenous and exogenous mediators of the plasma mem-
brane phenotype - defined as the fluidity of PM and the stability of lipid raft
domains - and measured the effects of these perturbations on cell function.
Cell autonomously, we find that differentiation of Mesenchymal Stem Cells
(MSC) causes rapid divergence of both aspects of the PM phenotype. Inversely,
perturbation of PM physical properties by u-3 poly-unsaturated fatty acids
Tuesday, February 18, 2014 511a(PUFAs) affects MSC differentiation, promoting the osteogenic over the adipo-
genic phenotype. Extending these studies to other cell functions, we have
discovered a variety of exogenous mediators of the PM phenotype (in addition
to u-3 PUFAs) and find that any deviation from optimal raft stability has a sup-
pressive effect on antigen-mediated mast cell activation. These observations
provide a quantitative framework to measure the PM phenotype, identify exog-
enous fatty acids as potential mediators of this phenotype, and demonstrate the
effect of perturbations of PM physical properties on cell function.
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Lipid-mediated membrane heterogeneity is proposed to be an important orga-
nizing principle in mammalian cells. Using single fluorescent particle tracking,
we quantify diffusion parameters of a large panel of fluorescent fusion mem-
brane proteins ranging in size, mode of membrane anchoring, and putative
phase-association. These include palmitoylated or non-palmitoylated versions
of three transmembrane proteins (truncated linker of activated T-cell, trun-
cated haemagglutinin, and b2 adrenergic receptor) as well as three proteins
anchored with lipid moieties (GPI, palmitoyl and myristoyl, or geranylger-
anyl). We present an analysis that utilizes Brownian simulations to aid in in-
terpreting heterogeneity. With the exception of two of the palmitoylated
transmembrane proteins, diffusion of all constructs is unconfined and consis-
tent with Brownian motion at 37C at the time-scales investigated (20 ms-1
sec). We explore the contributions of lipid mixing to confinement by modu-
lating cholesterol levels and through the use of biochemical perturbations
that affect the temperature of the immiscibility phase transition in isolated
plasma membrane vesicles. Among our findings is that diffusion and confine-
ment are highly temperature sensitive. Furthermore, our results indicate a
complicated size-dependence of diffusion suggesting that diffusion of small
probes is particularly sensitive to dimerization when it occurs in either a bio-
logical context or due to labeling techniques. Overall, we explore the contri-
bution of phase-mediated membrane heterogeneity to protein mobility while
highlighting several factors that can complicate the interpretation of lateral
diffusion data.
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The voltage-gated potassium channel Kv2.1 localizes to micron diameter
clusters on the soma of hippocampal pyramidal neurons and transfected
HEK 293 cells. Channels localized to clusters are largely unable to flux Kþ
suggesting Kv2.1 possesses an auxiliary, non-conducting function. We
present evidence that one non-conducting function of Kv2.1 is to induce
the formation of endoplasmic reticulum (ER)-plasma membrane (PM) con-
tacts. In HEK 293 cells, the cortical ER (cER) as observed by TIRF micro-
scopy typically consists of a meshwork of tubules. Expression of Kv2.1
induced the enlargement of cER tubules into micron diameter sheets, mirror-
ing the clustered localization of the channel. An ultrastructural analysis using
thin-section electron microscopy and immuno-gold labeling indicated that
cER is brought into close apposition to the PM (<30nm) opposite dense
immuno-gold labeling for Kv2.1. The close apposition of cER observed
opposite Kv2.1 immuno-gold was accompanied by thinning of the cER
lumen. ER-PM contacts are typically demonstrated to be anchored by pro-
teins which reside in the ER membrane and extend into the cytoplasm to
bind anionic lipid species which reside in the inner leaflet of the PM. These
data suggest that the integral PM protein Kv2.1 functions to direct the forma-
tion of ER-PM contacts through interactions with unknown lipids or proteins
in the ER.
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We recently developed a method termed TOCCSL (Moertelmaier,APL-2005)
(‘Thinning out Clusters while Conserving Stoichiometry of Labeling’) whichallowed for the first time the direct imaging of nanoscopic stable platforms
with raft-like properties diffusing in the live cell plasma membrane (Brameshu-
ber,JBC-2010). Our method sensed these platforms by their property to
assemble the putative raft markers glycosylphosphatidylinositol-anchored
monomeric GFP (mGFP-GPI) and GM1-Bodipy on a time-scale of seconds
on the cell membrane of living CHO and Jurkat T-cells. In order to resolve plat-
forms we used a special photobleaching protocol to reduce the surface density
of labeled mobile platforms down to the level of well-isolated diffraction-
limited spots, without altering the single spot brightness. The statistical distri-
bution of probe molecules per platform was determined by single-molecule
brightness analysis. To further validate our method we extended TOCCSL
by utilizing two-color co-localization in combination with stoichiometric
photobleaching (Ruprecht,SoftMatter-2010). Glycosylphosphatidylinositol-
anchored SNAP-tag (GPI-SNAP) was stably expressed by CHO cells and
labeled with SNAP-AF488 and SNAP-AF647 at an equimolar ratio. For both
colors we were able to observe a homogeneous surface staining with a density
of 300-1000 molecules/mm2. To reduce the surface density we applied
TOCCSL parallel to both color channels. An appropriate recovery time yielded
a stoichiometrically reduced surface density enabling the localization of single
fluorescent GPI-SNAPs in both color channels with a resolution down to a few
ten nanometers. After correction of chromatic aberration we used an automatic
algorithm to detect pairs of co-localized GPI-SNAPs within a diffraction
limited distance. The number of co-localized GPI-SNAPs and their stability
was found to be comparable to our previous measured mGFP-GPI data: around
30% of GPI-SNAPs homo-associated with a lifetime of seconds and disap-
peared after cholesterol-oxidase treatment - thus supporting the lipid raft
concept.
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Lipid Nanodomains Show Dependence on Cell Cycle and Time After
Transfection
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The study of cholesterol-stabilized nanodomains in the cell membrane, aka
lipid rafts, is complicated by differences in techniques, cell type, physiolog-
ical parameters and possible changes of cell and membrane composition dur-
ing the cell cycle and after transient transfection. We recently developed a
non-destructive and non-perturbing technique combining fluorescence corre-
lation spectroscopy (FCS) with spatially-resolved camera TIRF imaging,
bimFCS. This method provides a quantification of the strength of the mem-
brane protein - lipid nanodomain interaction, the membrane protein con-
centration and its diffusion coefficient. As an optical method it can be
combined with other imaging methods such as we record changes in cytoskel-
eton structure simultaneously. bimFCS data was acquired with hourly inter-
vals for periods longer than one day while keeping the cells growing at
physiological temperature on the microscope stage. Transiently transfecting
PtK2 or CHO cells with GPI-anchored membrane proteins associated with
cholesterol-stabilized nanodomains, we observed a higher association with
such domains in earlier stages of protein expression and slower diffusion
compared to later times. Using synchronized cell cultures, we also quantify
the membrane protein interaction with lipid nanodomains and record the im-
ages of membrane cytoskeletal actin bundles as function of the cell cycle. To
discriminate between possible membrane ultrastructure models, we combine
the experimental results with diffusion simulations of molecules interacting
with such domains in the presence and absence of linear actin meshwork
acting as pinpoints for the domains.
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Tannerella forsythia is among the most potent triggers of periodontal dis-
eases and approaches to understand underlying mechanisms are currently
intensively pursued. A ~22-nm thick, 2D crystallinesurface (S-) layer that
completely covers T. forsythia cells is crucially involved in the bacterium-
host cross-talk. The S-layer is composed of two intercalating glycoproteins
(TfsA-GP, TfsB-GP) that are aligned into a periodic lattice. To characterize
this unique S-layer structure at the nanometer-scale directly on intact
T. forsythia cells, atomic force microscopy (AFM) based topography imaging
